Cashew nut production is booming in Benin and picking apples are a valuable commodity with a high nutrient content. The main objective of this study is the valorization of cashew apples through the study of the performance of four strains of Saccharomyces cerevisiae during ethanol production from cashew apple juice. The alcoholic fermentation of cashew apple juice with an initial concentration of 157.5 g/L of reducing sugars and 1 g/L of yeast was conducted anaerobically at room temperature (30. ) and the highest rate substrate consumption (2.067 %.h -1 ). It appears from this study that the yeast Saccharomyces cerevisiae var. bayanus has the best bioconversion performance of fermentable sugars in ethanol. Therefore, it can be used as an effective strain in the perspective of intensive ethanol production.
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Material and Methods
Vegetable material
The raw material used consisted of cashew apples collected in central Benin in the commune of Bantè (8 ° 25 '0' 'N and 1 ° 52' 60 '' E). Interest in this commune is that it corresponds to the best cashew-producing region in Benin (Dédéou et al., 2015 , Gbohaïda et al., 2015 and enjoys an interesting geographic position (Tandjiékpon et al. 2005 ).
Preparation of cashew apple juice
Once transported to the laboratory, the cashew apples were removed from their nuts and washed. The apples are washed by immersion in chlorinated water (50 ppm) for 15 minutes. Then, they were selected and washed with distilled water. Then, sliced and crushed using a blender (Blender LB20E, Torrington, USA, 2002). The resulting cashew apple puree was filtered using a filter of different mesh respectively 400; 300; 200; 150 and 50 micrometers.
732
The juice samples were sterilized by wet steam autoclaving at 110 °C for 10 min. The processed juice samples contain 157.5 g/L of reducing sugars (glucose + fructose) used in all experiments.
Microorganisms and culture conditions Ferments
Four active dry yeast strains are used as organic ferments. The total description of the strains tested is made in the table below: Table 1 : Microorganisms used during alcoholic fermentation
Pre-culture medium
The pre-culture medium is a nutritious broth (buffered peptone water) composed of: Peptone (10,0 g/L) ; Sodium chloride (5.0 g/L); Disodium hydrogen phosphate (3.5 g/L); Potassium hydrogen phosphate (1.5 g/L); Final pH: 7.2 ± 0.2.
Preparation of the inoculum
A mass of 1g of each yeast strain is introduced into 10 mL of nutrient broth (buffered peptone water). The mixture thus obtained is rapidly homogenized aerobically and then allowed to stand at 25 °C for 30 minutes. Then it is incubated at room temperature (30-32 °C) with rotary stirring for about half an hour in order to facilitate the revivification of yeast cells, necessary for a good fermentative activity.
Pre-fermentation
It allows the acclimatization of yeast cells to the substrate to be fermented. It was carried out by first mixing the inoculum with a volume corresponding to 10 % (v/v) of the total volume of the substrate to be fermented, equal to 100 mL of the must. The mixture is introduced into a fermenter and then incubated aerobically for 24 hours at room temperature (30-32 °C) on a TE 240 rotary shaker at 150 rpm. The fermenter used are sterile bottles with identical caps.
Fermentation
The remaining 90 % wort is added to each sample from the pre-fermentation. The total volume of the mixture in each bioreactor is then about 1000 mL. After rotary shaking, the study of the performance of four Saccharomyces cerevisiae strains was evaluated in the production of ethanol from cashew apple juice (Anacardium occidentale L. 
Analytical methods Cell biomass
Cell biomass was determined by adopting the dry mass method described by Parente et al. (2014) . It consists of separating the cells from the medium, drying them and then weighing them.
Concentration of reducing sugars
The concentration of reducing sugars was determined by the colorimetric method with dinitrosalicylic acid (DNS) described by de Sousa et al. (2010) .
pH and total titratable acidity
The pH and titratable acidity of the must was determined using the methods described by Adou et al. (2012b) and Massengo et al. (2014) respectively.
Ethanol concentration
The ethanol concentration was determined using an Assistent vinometer (4200, Germany) graduated from 0 to 25 % (v/v). The values obtained were converted to g/L using the method described by Parente et al. (2014) .
Refractometric solids content
The content of refractometric dry extract was determined using a portable refractometer by the method of Soyer et al.
.
Protein content
The protein content was determined by the method described by Gornall et al. (1949) .
Efficiency and Total hourly productivity
Efficiency, also known as the yield of alcoholic fermentation, gives quantitative values of the efficiency with which yeast converts reducing sugars into ethanol. Efficiency (η ; %) and total hourly productivity (µ P ; g.L -1 .h -1 ) were determined according to the methods of Silva (2006) 
Limit attenuation and specific rate of sugar consumption
The limiting attenuation (Al ; %) and the specific rate of consumption of sugars (µ ; %.h -1 ) were calculated from equations 1 and 2: 
Specific rate of cell growth
The specific rate of cell growth (µx; h -1 ) was determined using the method described by Stroppa et al. (2009) 
Statistical analysis
The data was processed using Microsoft Excel 2007 and SPSS 16.0 software. The comparison of averages was made with the Turkey test with a significance level P<0.05.
Results and Discussion
Evolution of the concentration of reducing sugars and ethanol as a function of the duration of fermentation according to the four strains of Saccharomyces cerevisiae The analysis of Figure 1 shows that the kinetics of alcoholic fermentation takes place in three phases. The first phase is from the 1 st to the 2 nd day and corresponds to a sudden decrease of the reducing sugars by the strains S1, S2, S3, S4 and the wild strains in each reaction medium. Indeed, the concentration of reducing sugars goes from 157.5 g/L to 39.46; 1.25; 12.39; 16.7; 32.3 g/L, a decrease of 118.04; 156.25; 145.11; 140.8; 127.2 g/L respectively for yeasts S1, S2, S3, S4 and wild-type strains. It follows from the above that yeast S2 has the highest consumption of reducing sugars (156.25 g/L) followed by yeasts S2 (145.11 g/L); S3 (140.8 g/L) and wild strains (127.2 g/L). Yeast S1 has the lowest consumption of reducing sugars (118.04 g/L). The sudden variation observed during the fermentation process corresponds to an increased consumption of the substrate due to prior adaptation of the yeast to the reducing sugars during the pre-fermentation phase. In parallel with the reduction of reducing sugars, there is a large increase in ethanol concentration. Indeed, the concentration of ethanol varies from 27.63 g/L to 58. 16 
Evolution of cell biomass and dry extract as a function of the fermentation time according to the four strains of Saccharomyces cerevisiae
The results of the evolution of the cell biomass and of the dry extract as a function of the duration of fermentation are shown in figure 2 . From the analysis of this figure, it appears that the kinetics of the cellular growth takes place in three phases. The first phase is from the 1 st to the 2 nd day and corresponds to a sudden decrease in the soluble dry matter of the reaction medium by the yeasts S1; S2; S3; S4 and wild strains. In fact, the content of soluble solids goes from 14 °Brix to 5; 5.2; 5; 5.4 and 7 °Brix is a decrease of 8.8; 8.8; 8.8; 8.6; 7 °Brix respectively for the yeasts S1; S2; S3; S4 and wild strains. The highest consumption of reducing sugars was recorded with S1 yeasts; S2 and S3. This sudden variation observed during the fermentation process corresponds to an increased consumption of fermentable sugars due to prior adaptation of the yeast to the reducing sugars during the pre-fermentation phase. The kinetic profile of the soluble solids is similar to that of reducing sugars. Along with the decrease in soluble solids, there is a large increase in cell biomass after 48 hours of fermentation: this is the exponential phase of cell growth. Indeed, the cellular biomass goes from 10 dg/L to 50; 40; 40; 40; 30 dg/L is an increase of 40; 30 ; 30 ; 30 and 20 dg/L respectively for the yeasts S1; S2; S3; S4 and wild strains. The sudden increase in cell biomass would be due to a prior adaptation of yeast to reducing sugars during the pre-fermentation phase. The second phase is from the 2nd to the 3rd day. This phase shows a tendency towards stabilization of the soluble dry matter up to a value of 5 ° Brix for the yeasts S1, S2, S3, S4 and 6 °Brix for the wild strains. In addition to the soluble dry matter, there is a total stabilization of the cellular biomass at 40 dg for the yeasts S2, S3, S4 and 50 dg for the yeast S1 then 30 dg for the wild strains. This is the stationary phase of cell growth. This phenomenon is due to the high concentration of ethanol in the reaction medium (Cai et Nip, 1990) . In addition to the soluble dry matter, there is a slight decrease in the cell biomass, which is explained by the presence in the reaction medium of CO2 and organic compounds (secondary metabolites) which inhibit the fermentative metabolism of Saccharomyces cerevisiae (Maiorella et al., 1983 ). This phenomenon is likely to induce the lethality of the microbial cells. explained by the production of ethanol which modifies the dissociation constants of the constituents and in particular the organic acids (Akin, 2008) . From the 1 st to the 2 nd day, the pH dropped considerably to reach values of 3.81; 3.95; 3.76; 3.84 and 3.75 respectively for the yeasts S1, S2, S3, S4 and the wild strains. Then, it remains practically constant until the end of the alcoholic fermentation process. According to Akin (2008) , the no less considerable decrease in pH at the second day of fermentation is linked to the consumption of nitrogen sources. In general, the pH dropped from the first to the fourth day of fermentation. In addition, there was a slight decrease in acidity on the first day of the fermentation process which rose from 0.58 % to 0.45 % or a decrease of 0.13 %. Then it oscillates on average from 0.45 to 0.64 % on the 4 th day of fermentation. It should be noted that the curve is rising from the third to the fourth day, thus reflecting an increase in acidity. Indeed, the increase in the acidity is a consequence of the decrease in pH and results from the production in the reaction medium of organic acids such as lactic acid, acetic acid and succinic acid (Bortolini et al., 2001 ). There is also citramalic acid, dimethylglyceric acid which is present in a small proportion (Akin, 2008) . The increase in acidity could also be due to the formation of carbon dioxide in the reaction medium. Indeed, the carbon dioxide (CO2) can be dissolved in the reaction medium in the form of carbonic acid (H2O, CO2), which is dissociated into hydrocarbon ions (HCO Table 2 : Kinetic parameters calculated to evaluate the performance of yeasts in the production of ethanol. Levures  S1  S2  S3  S4  T  (%) 74,946 ± 0,511a 99,206 ± 0,301b 92,133 ± 0,011c 89,524 ± 0,670d 79,492±0,512e µs (%. h -1 ) 1,561 ± 0,551a 2,067 ± 0,333b 1,919 ± 0,015b 1,865 ± 0,676b 1,656 ± 0,501a µx (h ). Thus the yeast S2 is revealed as the most successful strain. In fact yeast S2 has a high tolerance to alcohol and has the phenotype "Killer", which allows it to have the greatest efficiency of conversion of the substrate ethanol and the best yield of ethanol. S3 yeast also showed some interesting results. After the S2 yeast, the S3 strain exhibited the highest conversion efficiency of the substrate to ethanol (89.088 %), the highest hourly total productivity (1.376 g.L -1 .h -1 ), the highest yield of ethanol (0.455 g.g -1 ), the highest substrate consumption rate (1.919 %.h -1 ). In contrast, the control exhibited the lowest conversion efficiency of the substrate to ethanol (27.479 %), the lowest hourly productivity (0.366 g.L -1 .h -1
Paramètres
), the smallest substrate conversion factor to biomass (0.016 g.g-1), and the lowest yield of ethanol (0.140 g.g -1 ).
The selected yeast S1, for its part, proves to be the least effective of the four strains tested with a substrate conversion efficiency of 50.615 % ethanol and an ethanol yield of 0.259 g.g -1 .
But it is more effective in comparison with wild strains. In fact, the selected yeast S1 is a baker's yeast used in bread making. It allows resistance to alcohol. Thus the strains tested in the kinetics of alcoholic fermentation can be classified according to their performance as follows: S2> S3> S4> S1> T. The values obtained in this study are similar to those obtained by Pacheco et al. (2009) 
Conclusion
The yeast Saccharomyces cerevisiae var. bayanus had the highest concentration of ethanol with better ethanol yield and low substrate conversion to biomass. In addition, the calculated kinetic parameters showed that the best yields are obtained with the yeast Saccharomyces cerevisiae var. bayanus. Thus, it differs from other yeast strains by its high fermentative power. As a result, it can be used as a high performing strain for the purpose of intensive production of ethyl alcohol from cashew apple juice.
